Our findings suggest that hospital characteristics affect Cesarean delivery. These situations might be caused by maintaining profit with regard to survival or competition, and protecting themselves against unexpected delivery risks. Therefore, based on our findings, health policy makers must make an effort to implement effective strategies for the optimal management of excessive Cesarean rates in South Korea.
Introduction

C
esarean delivery is an effective alternative to protect the life and health of mothers and babies, when vaginal delivery is difficult or risky due to several factors such as malpresentation. The procedure has contributed to a reduction in maternal and neonatal mortality. 1 Recently, development of surgical procedures related to Cesarean delivery and reduction of postoperative complications have caused a gradual increase in the rate of Cesarean delivery. 2 After the introduction of diagnosis-related group (DRG) system, which covered seven diagnosis groups including Cesarean delivery in South Korea, the amount of Cesarean delivery rapidly increased. 3 Compared with vaginal delivery, Cesarean delivery could bring various benefits for both the patient and the hospital. For patients, Cesarean delivery could be helpful in preventing labor pain, urinary incontinence and sexual dissatisfaction. 4, 5 Also, physicians prefer Cesarean delivery as defensive treatment, due to the current lack of legally protective device in the event of a medical accident during natural labor process. 6 Hospitals could acquire more medical benefits, as the DRG system set the price of Cesarean delivery under a higher unit than vaginal delivery. 7 Some professionals have claimed that vaginal delivery improves the health of mothers and babies, and Cesarean delivery may cause complications 8 ; therefore, many countries have attempted to control Cesarean rates. Nevertheless, a substantial number of Cesarean deliveries remain among total deliveries by pregnant women. According to a report from the Organization for Economic Cooperation and Development (OECD), South Korea ranks high (5th among 24 countries) in terms of Cesarean delivery compared with the OECD average (2002 = South Korea: 33.6%, OECD: 20.0%; 2011 = South Korea: 34.5%, OECD: 26.9%). 9 The World Health Organization recommends a Cesarean delivery rate of about 10-15%, and any higher rates are considered to present issues that must be resolved. 10 Thus, many healthcare professionals have attempted to address these problems by examining factors, such as individual and hospital characteristics, that may be related to Cesarean delivery rates. 7 Nevertheless, controlling Cesarean delivery rates is still considered a challenge in South Korea, considering the substantial increases in Cesarean delivery rates compared to the 6% reported in 1985. 11 To determine an effective alternative for controlling Cesarean delivery, we focused on hospital characteristics. In previous studies, hospital characteristics had significant associations with healthcare outcomes and clinical decisions. Specifically, higher hospital volume had substantial impacts on improving both the quality of care and treatment decisions in patient care, and it was also associated with reducing Cesarean delivery. [12] [13] [14] In addition, market competition also improved healthcare outcomes, such as mortality and length of stay, while being negatively associated with vaginal delivery. 3, 15 Considering the gradual increase of healthcare resources in South Korea, there were notable improvements in maternal and neonatal mortalities. Thus, we assumed that hospital characteristics, such as volume or market competition, could affect treatment decisions regarding the type of delivery in South Korea. Therefore, we analyzed the relationship between Cesarean delivery and hospital characteristics, by particularly focusing on hospital volume and market competition.
Methods
Study population
From 2010 to 2013, South Korea reportedly had $1730 hospitals, including 40 public hospitals. Considering the relatively small number of public hospitals out of total hospitals in South Korea, we expected some baseline imbalances due to differences in hospital characteristics. We used propensity score matching (PSM) methods to reduce bias caused by observed covariates, and to deal with the usual baseline imbalances across hospitals. We only included 160 hospitals (120 private and 40 public) after extraction using PSM methods (1:3) and adjustment of certain variables, including hospital location, nursing staffing level, number of total beds, number of intensive care unit beds, number of emergency room beds and number of doctors. In PSM method, the outcome variable is the propensity score, which is the probability of a unit being assigned to a particular treatment with a given set of observed covariates. Based on these scores, we matched each sample by using the nearest neighbor methods. Afterwards, we excluded hospitals without hospitalization cases due to delivery (n = 109). Delivery was classified according to the International Classification of Diseases (ICD-10: O80-O84). We excluded cases with sexual disease or malignancy as major risk factors in Cesarean delivery, as those cases were rare in pregnant women. Lastly, 51 hospitals (public = 13 vs. private = 38, 53 591 hospitalization cases due to delivery), excluding the hospitals without inpatient cases due to delivery, were included for analysis. To avoid bias after introducing the DRG payment system, we excluded hospitals that were smaller than general hospitals. This was because each hospital was differently introduced (voluntary or mandatory) to the DRG system, according to the type of medical institution and period. The unit of analysis was one hospitalization case (figure 1).
Variables
Outcome variable used in this study was the type of delivery used in pregnant women (O80-O84). In both types of delivery, Cesarean deliveries were defined as cases with major symptoms that were categorized as either ''O82.x or O84.2'' based on ICD-10 coding.
In relation to Cesarean delivery, the primary variables of interest were the number of deliveries (volume) and market competition. We also adjusted both patient and hospital variables in this study as follows: age, health insurance types, hospitalization year, comorbidities, hospital location, teaching status, ownership status, number of beds, as well as number of total doctors, nurses and obstetricians. The number of deliveries was the sum of total deliveries, which included Cesarean and vaginal deliveries at each hospital in 1 year. Market competition was defined by the Hirschmann-Herfindal index (HHI). 16 We defined the hospital market as 16 administrative districts according to the geopolitical boundaries of South Korea. We determined the HHI using inpatient claim data from all hospitals. The following equation was used to calculate the HHI:
The HHI is the sum of squared market shares for hospitals within a market. Market shares (Si) are computed using total cases with deliveries; i denotes an individual hospital, and n represents the total number of hospitals in the market. A low HHI indicates the presence of less-dominant hospitals or more competition in that particular market. Conversely, a high HHI indicates the presence of dominant hospitals or less competition.
In terms of patient's age, women who were 35-years-old at the time of pregnancy was categorized under advanced maternal age. Types of insurance coverage were defined as National Health Insurance (NHI), which normally applies to the general population, and Medical Aid, which is given to patients with low income, disability or old age who are eligible for free inpatient and outpatient care by government funds. Therefore, the type of insurance coverage may represent the socioeconomic status of each patient. In addition, we adjusted the co-morbidities at delivery that could be associated with delivery methods, and defined them based on ICD-10 coding as follows: malpresentation (O32-33), eclampsia (I10-I15 and O10-O16), problems with placenta (O44-O45), bleeding (O46-O47), diabetes (E10-E14 and O24), dysfunctional labor (O33-O34 and O61-O66), fetal distress (O68), fetal abnormality (O35-O36), polyhydramnios/ oligohydramnios (O40-O41), premature rupture of membranes (O42) and preterm delivery (O60). In addition, hospital location was categorized as either metropolitan or others. Teaching and ownership status consisted of teaching hospitals and non-teaching/ public and private hospitals, respectively. Hospital staffing included the number of total doctors, nurses, and obstetricians, and was defined by the average number of each variable during the study period.
Statistical analyses
We examined the distribution of each categorical variable by examining frequencies and percentages, and performed 2 tests to investigate associations with Cesarean or vaginal delivery. Next, to compare the means and standard deviations for continuous variables, we performed an analysis of variance (ANOVA). Finally, we performed logistic regression analysis using generalized estimating equation (GEE) models, including the number of deliveries, market competition and other covariates, to examine associations with Cesarean delivery in pregnant women. 17, 18 GEE is used to estimate the parameters of a model when there are repeated variables in correlation, and there may be different independent variables. It is an extension of the generalized linear model to the setup where the responses are correlated. The correlation may result from hospitalization cases sharing a common medical institution or hospital; such data can be called ''clustered'' in the sense that they are more similar within the cluster than outside. This GEE method could provide a framework for analyzing such correlated data, assuming proper distributions for each hospitalization case while taking into account the correlation among hospitalization cases within the hospitals. 19, 20 Since the data used in this study were hierarchically structured and had binary outcome variables, GEE model with logit link including both inpatient-and hospital-level variables were analyzed. In this study, the correlation structure was modeled as exchangeable correlation structure. An exchangeable working correlation structure in the GEE estimation process assumes that pair-wise correlations between patient outcomes within the same hospital are equal and can be represented by parameter . Also, the goodness of fit for GEE model was assessed using the quasilikelihood under independence criterion . 20, 21 In addition, to investigate the differences in associations between interesting variables and Cesarean delivery, subgroup logistic regression analyses using GEE models were performed according to the patient's age. These analyses were also performed after stratifying associations by volume for deliveries or number of beds. All statistical analyses were performed using SAS statistical software (Cary, NC) version 9.2. All calculated P values were two-sided, and values less than 0.05 were considered significant.
Results
The data used in this analysis consisted of 53 591 hospitalizations due to delivery. Among total delivery cases, there were 39 166 vaginal deliveries (73.1%) and 14 425 Cesarean deliveries (26.9%). Table 1 shows the associations between each independent variable, including hospital characteristics and type of delivery. The average number of beds was higher in hospitals with patients who underwent Cesarean deliveries. In addition, the average number of deliveries, doctors and nurses were lower in hospitals with patients who were provided Cesarean delivery, whereas the average HHI was higher in patients who underwent Cesarean delivery (i.e. higher competition). Table 2 shows the results of logistic regression analysis using GEE models to investigate the relationship between hospital volume or market competition, and Cesarean delivery. Hospitals with higher number of beds had lower risk of Cesarean delivery. Deliveries in hospitals with more doctors, nurses and obstetricians were inversely associated with the risk of Cesarean delivery. In addition, higher volumes of deliveries were inversely associated with numbers of Cesarean delivery, while HHI was inversely related with Cesarean delivery.
To investigate the differences in relationships between interesting variables and Cesarean delivery, we also performed subgroup logistic regression analysis using GEE models by patient's age, median number of deliveries and median number of beds. With regard to patient age, the reduction in risk of Cesarean delivery per increase in volume of deliveries was greater in the older group compared with the younger group, yet the reduction in risk of Cesarean delivery per increase in HHI (lower competition) was greater in the younger group. Increases in the delivery volumes were inversely associated with Cesarean delivery only in hospitals below the median volume, and not in those above the median. Conversely, increases in HHI (lower competition) were more inversely associated with outcome variables in hospitals above the median volume than those below the median volume. Finally, higher volume was more inversely associated with Cesarean delivery in hospitals above the median volume. However, the relationship between HHI and Cesarean delivery showed a reverse trend by median value of number of beds (table 3) .
Discussion
We analyzed relationships between hospital characteristics and Cesarean delivery, specifically by hospital volume, market competition and type of delivery. After analyzing the results using GEE model, our study suggests that hospitals with higher delivery volume were inversely associated with Cesarean delivery. This might be due to the fact that hospitals with larger volumes do not need to profit through Cesarean delivery, whereas hospitals with lower volumes would make a profit by maintaining bed occupancy rates, as both medical costs and duration of stay until full recovery are higher in patients who received Cesarean delivery in NHI than vaginal delivery. Similar to previous findings, our study showed that opportunity costs of physicians were associated with types of delivery. 22, 23 In terms of HHI (i.e. market competition), hospitals with lower competition were inversely associated with Cesarean delivery, perhaps for the same reasons as those for hospital volume. Conversely, hospitals with higher competition might choose Cesarean delivery to make a profit and to increase survival. Similarly, private hospitals tended to provide more Cesarean deliveries than public hospitals; this may be due to economic and managerial reasons, similar to the ones mentioned in previous findings. 24, 25 In addition, hospitals in metropolitan areas were more likely to provide Cesarean delivery, since medical institutions are generally concentrated in metropolitan areas; higher competition was associated with hospital preference for high-cost treatment. 26 Therefore, hospitals in metropolitan areas would provide more Cesarean deliveries to survive the severely competitive markets, while using the procedure as a protective tool from unexpected risks. However, hospitals with superior hospital staffing tend to provide fewer Cesarean deliveries, as superior staffing could positively affect the quality of care; vaginal delivery would be commonly recommended for better long-term outcomes of mothers and babies, if no risks were observed. Note: The results of logistic regression analysis using GEE models, including the number of deliveries, market competition, hospital location, teaching status, ownership status, number of beds, number of total doctors and total nurses, obstetricians, age, types of health insurance, hospitalization year and comorbidities to examine associations with cesarean delivery in pregnant women.
27,28
Recommending Cesarean delivery to pregnant women who are at risk is an effective alternative for improved healthcare outcomes in mothers and babies. However, excessive Cesarean delivery could cause additional comorbidities. 29 With respect to the excessively higher Cesarean rates, the government introduced programs that evaluate the use for Cesarean delivery in 2000, and provided incentives for each hospital to make optimal treatment decisions in 2007. Although these programs gradually expanded and were applied to general hospitals in South Korea, 30 they were not well managed. Currently, the programs evaluate hospitals performing Cesarean delivery based on total Cesarean rates, Cesarean rates for the first childbirth, vaginal delivery rates after Cesarean delivery, cost and length of stay. However, based on our findings, hospital characteristics were among important factors associated with increase in Cesarean deliveries. Therefore, health policymakers must consider hospital characteristics, particularly factors that could affect hospital management such as hospital volume or market competition, while evaluating the use of Cesarean delivery.
This study has strengths compared with previous studies. First, to our knowledge, this is the first Korean study to examine the relationship between hospital volume or competition and Cesarean delivery. Although some studies explored factors that are associated with Cesarean delivery, those did not focus on hospital volume and competition. Second, we included variables that are related to co-morbidities. Therefore, our data could reflect the severity, with respect to the type of delivery used. Third, HHI was used as an indicator of hospital market competition, and was calculated using nationwide data. Thus, it could be useful in analyzing the market competition in South Korea. Finally, the data used in this study were claim data, which would be especially helpful in establishing evidence-based health policies. It could reflect the overall process of specific healthcare that was provided to each patient. According to the statistics of Health Insurance Review and Assessments service (HIRA), age-adjusted Cesarean rates were around 33% from 2010 to 2012. 31 Given that larger hospitals tend to less perform Cesarean delivery and that our data represented general hospitals rather than clinics or small hospitals, our data showed similar Cesarean rate of 26.9%. Furthermore, in South Korea, the average number of doctors and nurses per 100 beds in above-general hospitals was 27.7 and 53.6, respectively; our study showed similar numbers. 32 Therefore, the results of this study may have some generalizability.
Our study also had limitations. First, it would have been ideal to use the data from all hospitals in Korea. However, there were some difficulties in accessing patient information, due to ethical issues. In addition, there were concerns regarding baseline imbalances due to differences between hospitals. Therefore, we needed to extract representative hospital samples from all hospitals using PSM method. Although we tried to extract the data as effectively as possible, it may be difficult to generalize our results for the entire Korean nation. Also, this study had some concerns; PSM process had a large number of samples that were not selected and discarded, making it difficult to use when the incidence was low or the sample size was small. Also, despite being a fairly conservative method, selection bias could not be completely eliminated. Next, the data consisted of hospitalization cases, not inpatient units. Thus, we could not consider whether the delivery was a first or recurrent delivery, and we could not distinguish patients in the data. Our results also not include cost or presence of midwives. Presence of midwives in hospital could affect probability of Cesarean section. However, the data were part of NHI claim data, and it only included human resources such as physician and nurses based on criteria of Medical Service Act. 33 Third, factors such as malignancy or sexual disease, which could affect clinical decisions, were not considered in this study; we excluded such cases since they often had insufficient data. Fourth, in calculating HHI, we only used the address of medical institution based on 16 administrative districts following the geopolitical boundaries of South Korea. Although it would have been better to include patient's inflow or more detailed market area in this study, our study only included the address of medical institution and not the address of patients, due to limitation of data. Nevertheless, since relatively superior geographical accessibility for medical institution by public transportation and the country's small geographical size, our results would somewhat reflect the overall status of South Korea. 34 
Conclusion
Our findings suggest that hospital characteristics could affect treatment decisions with regard to Cesarean delivery. Specifically, hospitals with lower volumes or higher competition tend to utilize Cesarean delivery for pregnant women. These situations might be due to the need to maintain a profit, compete in the market or protect against unexpected delivery risks. Therefore, health policymakers must make effective decisions related to strategies for the optimal management of excessive Cesarean rates in South Korea.
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Key points
Our results provide evidence to policymakers regarding the impact of hospital factors to patient's types of delivery. Health policymakers must consider hospital characteristics, such as hospital volume or market competition, while evaluating the use of Cesarean delivery. Health policymakers must also consider introducing effective educational programs on the strengths and weaknesses of each type of delivery for pregnant women.
